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W A L L - S C A U .  TRA.hTSO?IIC I I W E S T I G A T I O N  OF A 45' SWEF'I'BACK 

WING OF ASPECT  RATIO 4 WIT2 COMBINATIONS OF 

BOSE-FIX? DEZ'UCTTORS  WING TWIST 

By William J. P-lford, Jr., and  Kenneth P. Spreemann 

R small-scale  trensonic  investigation  of a semispan  wing  sweptback 
45' and of a spec t   r a t io  4 with  conkhations of nose-flap  deflections  and 
wing twist has  been made i n  tine k n g l e y  high-speed 7- by  10-foot  tunnel 
over a Mech number range  from 0.6 t o  1.11. Results are presented of 
the wing-alone  configurztions  of  the  basic wing  an&  modifications  that 
consisted  of a 60 nose-flap  deflection i n  conbination  with Oo, 3 . 3 O ,  
and 6.5" washout. L i f t ,  drag,  end  pitching-moment da te  were obtained 
For these  configurations. 

The resu l t s   ind ica ted  that the maximum l i f t - d r a g   r a t i o s  were 
imsroved over  those of the bas ic  wing a t  the  lower Mach numbers by the  
modification  consisting of 6 O  nose-flcp  Eeflection  and no twist. A t  the 
higher Mach numbers the 6' nose f l ap   l o s t   e f f ec t iveness ,  and  veshout  had 
t o  be incorporated  io  order  to  provide  any improvenent  over  the lil 't-drag 
charec te r i s t ics  of the  basic  ving. The var ia t ion  of the   l i f t -curve  
slopes, pitching-moment slopes,  and minimum drag  with Mech num3er were 
not   g rea t ly   a f fec ted  by the  modifications. The angle of a t tack   for   zero  
lift and t'ne pi tching moment at zero l i f t  were raised  approxinetely  in  
proport ion  to   the  mount  of weshout incorporated. 

Previous  investigations a t  subsonic  and  trznsonic speeds (refs. 1 
and 2) heve shawn that  the  l if t-d_rag  ratios of lov-aspect-ratio swept- 
bzck wings  could be subs tan t ie l ly  improved  by the  appl icat ton of wing 
t w i s t  2nd csuher. Inasnuch as t w i s t  and camber gresent  severzl  unde- 
s i rab le   fabr ica t ion  problems,  an invest igat ion (ref. 3) was made t o  
deternine  the  effectiveness of g a r t i a l  and fui l -span  nose  f laps   in  



iagrovirg  the  l i f t -drag  razios .  The resu l t s   o f   th i s   inves t iga t ion   ind i -  
cated  that  some iqrcverxents were real ized fron:  the  proper  nose-flap 
configuretion '-lp t o  a Mach number of a g p o x i m t e l y  0.90, above  which 
t'ne nose-flzp  effectiveless  rapidly  decrease&. 

Urpuklished  data for a wing iden t i ca l  $0 the wing  of the  present 
investigation,  but of larger   sczle ,   indicated  that  a full-span  oose-flag 
corf lgxazion  with 6' def l ec t lo r  woald be  about  the optimum nose-flap 
condition from consideretlom of mzxlmulil l i f t - d r a g   r a t i o s  and a l so   ve r i -  
Tied t3e resLlts or" reference 3 i n   t h a t  t:?e iDqrovements t o   t h e   l i f t - d r e g  
ratios  decreased around a Mach number 05' 0.90. T w i s t  var ia t ions of  - 3 . 3 O  
and -6.5", roeasured w i t h   r e s p c t  t o  t i e   r o o t  chord, were, Kierefore, 
investigated in conjurlci;ion wit;:? s. 6' full-span  nose-flap  deflection t o  
deternine i f  the  Seneficial   nose-flap  characterist ics  could be extended 
to   h igher  Mech sumbers by  cnloading  the  t ip   sect ions  ana  prcvidhg a 
mare n e a r l y   e l i i p t i c  sqan  load  distribution. 

The present  investigation was nade i n  the Langley  hlgh-speed 7- 
by  lO-foo%  5unnel  over 2 Mach Zmber r a g e  from 0.60 t o  1.11. L i f t ,  
drag,  and  pltching-nonent  data were obtained  for  the  verious  wing-alone 
configurations. 
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l i f t  coeff ic ient ,  - Twice senispar, l i f t  
qs 

drag  coefficient,  T.$ice senispan drag 
c_s 

pitchlng-ament   coeff ic ient   referred  to  O.25EY 
Twice sexispan  pitching monent 

qSC 

effect ive dynaKic pressure  over  span of model, pV 1 2  , 
lb/sq f t  

Wice wing erea of semispan model, 0.125 sa_ f t  

rcean aeroclynazulc chord of wing, based on relat ionship 
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l o c a l  wing chord  paral le l  t o  plane  of synmetry, ft 

twice span of semispec  model, 0.707 f t  

spanvise   dis tame from  plage of' sjrom;etry, f t  

a i r  density,  slugs/cu f t  

strezm  velocity  over model, f t / s e c  

e f f ec t ive  Xach number, 

l o c a l  Mach nmber  

everege  chorkwise  Vich number 

Reynolds nmber, pVE/y 

absolute  viscosity,  Ib-sec/sq ft 

angle of et tack  of  wing  root-chord line., deg 

angle of wing twist aeasured  re la t ive t o  w i r ? g  root-chord 
plane; negat ive   for  washout 

nose-f lap  &flect ion,  deg; measured pos i t ive  down r e l a t i v e  
to l o c a l  wtng  chord  (see f ig .  1) 

veriatfon of l i f t  coeff ic ient   with angle of at tack,   per  deg; 
averaged  over E l i f t -coef f ic ien t   range  of a.1 

var ie t ion  of pitching-monert  coefficient  with lift coef- 
f icient;   averaged  over c l if t-coelfLcient  range of f O . 1  

angle of a t t a c k   f o r  zero l i f t  coefficient,   deg 

pitching-moment coef f ic iea t  et  zero lift coef f ic ien t  

mininu3  drag  coefficient 

l i f t   c o e f f i c i e a t  a t  mininun  drag  coefficient 



4 NACA RBI ~ 5 2 ~ 1 3  

L/D l i f t - d r a g   r a t i o  

(L/D)max r n e x i m y m -  l i f t - d r a g  r a t i o  

(L/D) maxg n=SO E 

(L/D) mzx 
~;eri"omsnce  rztio: rcaximurn l i f t - d r a g   r a t i o  of 

wing with  nose  f lap  deflected 5' and with 
verying twist angle o referreci   to   the maximum 
l i f t -E reg   r a t io  of the   basic  wlng 

En=Oo y €4' 

C lift coef f ic ien t  a t  maxim= l i f t -d rag  ratio 
L( L/D),ax 

MODEL Ah9 APPARATUS 

The beryl l im-co3per  wing en-gloyed i n  this   invest igat ion  had 45' 
sweepback r e f e r r e d   t o  the quarter-chord Line with  aspect   ra t io  4, t zper  
r a t i o  0.3, snd XACA 65~006 a i r f o i l   s e c t i o n   p a r a l l e l   t o   t h e  free stream. 
A drawing of %he motZel, including  the  full-span  deflection, i s  shown i n  
f igure 1. A photogrzph  of  the  node1 mounted  on the  reflection  plane i s  
shown i n  figure  2.  

The basic  wing (6, = Oo, E = Oo) vas modkied  by  cutt ing i n  the  
lower  surface  of  the  wing  along t'ne 20-percent  streamwfse  chord a span- 
wise groove  zbout  1/32  inch  wide  and  Ebout  half the depth  of  the  local 
sect ion.  The roo t  chord was cut  back t o   t h e   0 . 2 0 ~   s t a t i o n .  The alter- 
a t ions  were Ferformed  previous to   t es t i I ig  and  were filleci with  solder 
I"or the  basic-wing  config~rst ion.  The f lap  angle  w a s  obtained by bending 
the  leading-edge segment of  the  wing  about  the  0.23-chord  line. After 
s e t t h g   t h e   f l a p   m g l e ,   t h e  groove was f i l l e d  and made f lash   wi th   the  
wing surface.  Angular  distortion  of tne flap  under  load was negl igible .  
T w i s t  v a r i a t i o m   ( f i g .  3 ) ,  corresponding t o  twist angles  of - 3 . 3 O  and 
-6.3' et +the Xing t i p ,  were obtained  by  pjysically  twisting  the  basic 
wing a t  several  spanwise s ta t ions .  

Force  and xcment  measurements  were made wit'n a strain-gage  balance 
system  and  recoriied  with  recording  potentioneters. The angle  of  attack 
w a s  aeasured  by a slitie-wire  potentioneter. 

TESTS 

The invest igat ion w a s  nade i n  the Laogley  high-speed 7- by  10-foot 
tunnel  with  the model mnounted cn a re f lec t ion   p lane   ( f ig .  1) Locsted 



5 

approximztely 3 inches from the  tunnel  wall   in  order t o  b s a s s   t h e  wall 
boundary layer .  The reflection-plene  boundary-layer  thickness was such 
that  a  value of 95 Fercent of Tree-stream  velocity w a s  reached a t  a 
distance of approximately 0.16 inch from the  surface of the   re f lec t ion  
p l a n e   f o r   a l l  test Mach numbers. This  boundary-layer t h i chess   r ep re -  
sented a distance of  about 4 percent semispan f o r   t h e  model tes ted.  

A t  Mzch numbers below 0.93, there  was prac t ica l ly  no velocity  gra- 
dient   in   the  vicini ty  of the  reflection  plane.  A t  higher Mzch numbers, 
hoxever, t'ne presence of the  reflection  plane  created a high  local- 
veloci ty   f ie ld   vhich  permit ted  tes t ing  the models up t o  I4 = 1.11 before 
choking  occurred in   the  tunnel .  The var ia t ions of l o c a l  Mach nurnbers i n  
the  region  occupied by the model are shown in figure 4. Effective test 
Mach numbers were obtained from contour  charts similar to   those shown i n  
f igure 4 from surveys made with no model i-n posi t ion by  the  relationship 

For the models tes ted ,  Mach number vzr ia t ions  (outs ide  the boundmy 
layer) of less than 0.01 were obtained  generally below M = 0.95.  Local 
Mach nmber   var ia t ions from  about  0.05 to 0.07 were obtained  in a range 
from El = 0.98 t o  M = 1.11. It should  be  noted  that  the Mach number 
gradient is gr inc iga l ly  chordwise. 

A gap  of about 1/16 inch was maintained between the wing  root-chord 
section and the  reflection-plane  turntable.  A sponge-wiper seal was 
fastened  to  the wing butt   behind  the  turntable t o  minimize  leakage. 
Force  and  morent measurements  were made f o r   t h e  model over 8 Mach nun- 
ber  range from 0.60 t o  1.11 and rn angle-of-attack  range from -6' t o  22'. 
T'ne ver ia t ion of Reynolds number with-Mach number for   these  tests is  
shown i n  f igure 5. .;- 

I n  view of  the  small s i z e  of  the model i n   r e l a t ion   t o   t he   t unne l  
test   section,  jet-bomdery  and  blockage  corrections were believed  to  be 
negligible  and were not applied t o  these  data.  Cutting  the  root  chord 
back t o   t h e   0 . 2 0 ~   s t a t i o n  and  grooving  the  lower  surface of the  wing t o  
f ac i l i t a t e   de f l ec t ing   t he  n3se f lap  increased  the  aeroelzst ic  twist only 
slightly  over  the  comparatively smell twist as reported i n  reference k .  
I n  view of the smell correct ions  resul t ing from t h i s  t w i s t ,  no aero- 
e las t ic   cor rec t ions  were applied t o  these data. 

In general,  the  eccuracy of the  force  and moment Eeasurements car~ 
be  judged  by  any random scatte'r of the  test   points  used  in  gresenting 
the  basic  dzta.  I n  applying a techique   tha t   u t i l i zes   smal l   re f lec t ion-  
plane models mounted i n  a local ized  high-veloci ty   f ie ld ,   the   re l iabi l i ty  
of the  zbsolute  values  of some of the   resu l t s ,   par t icu lzr ly  t i e  drag 



valces, may be open t o  qKestion.  Experience  has  indicated, however, 
t h a t   v a l l d  &eterminatior-s of' increrrental  effects,  such as those due t o  
l i Z t  coefr ic ient ,  &lac]?- nLaber, or changes i n  Eodel  coDfiguration,  nor- 
n a l l y  can  be  obtained. A more cornplete  e-valuztion  of resul ts   obtained 
by  Cuechniq-ies scch es that used for   the  present   invest igat ion is  given 
i E  referecce 5.  

RESJLTS AND DISCUSSTON 

The basic-w:ng data f o r  the test c o n f i g n a t i o n s  are presented i n  
f igure 5 and t3e l i f t - d r a g   r a t i o s  are presented i n  f igure 7. The per- 
formance r z t i o s  and the sumnary of  aerodynamic character is t ics   of  the 
tes t  nodel are presented i n  f igures  8 and 9, resgectlvely.  The l i f t -  
curve  &ad  pitchfng-mouent  slopes  presented  herein  have  been  averaged 
over a l i f t - c o e f f i c i e n t  range of f O . l .  It nay be  noted  that  quantita- 
t ive  differences of approximately 15 t o  20 percent   in  1:ft-curve slopes 
end  of approximtely 5 t o  7 percent  nean  aerodynaaic  chord i n  aerodynamic- 
center  locazions  exist  between the  besic-wing h t a  of  the  present  pzper 
and  the  basic-wing  data  of  reference 4. The reasons  for   these  differ-  
ences are unaccounted for ;  however, 5t i s  f e l t  thak %he increnental  
e f f e c t s  of the  various  zodifications  ircorporated  in  the  bzsic wing f o r  
th i s   inves t iga t ion  are val id .   This   bel ief  is based on the  generel simi- 
la r i ty   be txeen  the incremental  eTfects  of  this  paper and those  reported 
in  reference 3, aztd also those  evident i n  unpiblished data on a similar 
wing of  lerger   scale .  

L i f t  Character is t ics  

I n  general,  the  trends w i t h  Mach  nuniber of the  l if t-curve  slopes 
&,/ha were not   great ly   affected by  any of the  modifications  tested 
( f i g .  9). However, the  confignation  ensloying -6.50 twist and 6' nose 
f l a p  indicated the greatest  redmtions  throughout  the Mech number range 
investigated  (a3out 0.005) . 

Inspection o? the  values  of  the  angle of a t t a c k   f o r   z e r o   l i f t  
%L=o iztdicates  that Efach nmber   had   sna l l   e f fec t  on t h i s  parameter. 

Deflectlon  of t3e nose f l a p  6 O  dm-nsrsrd caused  the  value of c[c,=c; t o  

becoze s l lght ly   posi t ive  (&bout  0.2O). Varying the twist from E = Oo 
t o  E = - 3 . 3 O  I n  ccnjunction  with  the 6 O  nose f l a p  caused  the  value 
of %,=o to lncrease  szbstzntielly (2.50). Further   var ia t ion of the 

-hist t o  E = -6.53 ceased q 0 t o  increese  to  approximately  twice 

the vallle  obtained for E = -3.3'- 1% shocld  be noCUed tha t   t he   r a the r  
L= 
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large chzzge i n  -0 due t o  twist resulted  primzrily from the wing 

being  twisted  re la t ive  to   the root-chorci l i ne ,  which served as the 
angle-of-zttack  reference  line. 

L- 

Drag Character is t ics  

The e f f e c t  of Yne noaffications was to   increase the minim= drag 
s l i g h t l y  and this   increzse remained relatively  constant  throqgh- 

out  the Mech number range  tested  (fig.  9 ) .  The drag-break Mzch number 

- = 0.1 of the  basic  wing was 0.98 and w a s  practically  unaffected  by 
&f 
any of the  modifications. 

k D  

The velues of  t h e   l i f t   c o e f f i c i e n t  f o r  minimum drag  indi- 

cete  that  the  modificatioas  caused C h i n  t o  occur a t  soxew'nat hfgher 

l i f t   coe f f i c i en t s   t hen  f o r  the  basic  wing. The var ia t ions of C 
%nin 

with Mzch number were found to   be  small f o r  a l l  configurations  tested.  

Lift-Drag  Ratios 

The zbsolute  values of  t he   l i f t -d rag  ratios f o r  the various con- 
f i w a t i o n s   a r e   p r e s e n t e d   i n  figure 7. Inasnach  as  the  values of C %in 
may be somewhat high, as previously  pointed out in  the  discussfon of the 
accurecy of force and moEent neasurements, it is f e l t  t h a t  a more reli- 

the performance character is t ics   can be  obtained  by  defining E perfom- 
ance r a t i o  as the  following: 

. able   basis   for   evaluat ing  the  effects  of nose flaps  end wing twist on 

The var ia t ion of the performance r a t i o  as a functioa of the  ving 
twist angle E i s  ?resented  in   f igare  8 and a s  z function of Mach nun- 
ber   in   f igure  9. I n  f i g w e  9 it is seen  thet  a t  the lowest Mach numbers 
the 6 O  nose flaps  with no twist produced the  greatest  improvement i n  
(L/D),, (approx. 23 percent)  over  the  basic wing. A t  the higher Mach 
nunbers, however, the 6 O  nose f lap   los t   e f fec t iveness ,  and washout  had 
-Lo be incorporated  in  crder  to  provide aoy  ingrovement  over  the  char- 
a c t e r i s t i c s  of the  basic wing. .A gai r  of approximately 15 percent was 
provicied  by -6.50 twist with 60 nose f l a p s   a t  M = 1-11. 
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A ,e l f e c t s  of the  modificatlcns 02 the l i f t  coef f ic ien t  f o r  

(L/D) m m  ( f i g .  9 )  were to   cwse   h igher  va1Le.s of 
cL( L/D) n;=x 

than 

those f o r  the  besic wing, x i t h  little variat ion due t o  Mach nuEber up 
t o   M ~ c h  nuKbers  from 0.93 t o  1.00. Above  Mach nmbers  from 0.95 t o  1.3 
a: soneukaz s k r p e r  rise i n  

incorporation 05 each or" the  modifica5:ons. 
CL(L/D)max 

with Mach nuEber resu l ted  from 

Pitchhg-Noment  Charac5eristics 

ComparTsor- af  the  pitching-moxent  slcpes &,/&, ( f i g .  9) indi-  
cates tha t   the  effect of the  modifications was t o  move the aerodynamic- 
center   loczt ioa zn average of a;?proximately 4 percent  iorvrard of t k e t  
of the basic  wing 'Delov a Mach nm-ber of 0 -93. A t  higher Mech numbers 
the  aerodymnAc-center  lccations  of Yne modified  confi@;c;rations.moved 
rearzard agd vere a-groximately the sane 8 s  those of the basic  wing. 

The v e h e s  of the pitching-moKent coeff ic ient  a t  zero l i f t  Cnn 

f o r  e l l  modificstions  indicated,  in  general, a s l igh t   pas i t ive   increase  
with  increasing Mzck number. For  the 6' nose-flap  nodificstion  without 
C , w i s t ,  Cmo was s l igh t ly   aega t ive  and increesed  posit ively .a the wash- 

out was iocreased. 

An irspection  of figure 6 (c )   i nd ica t e s   t ha t  nei"uher the nose flaps 
done  nor  the  nose flaps i n  conbinatioll  with  wing t w i s t  grezt ly   affected 
the  longi-hdinal  instabil i ty a t  the  higher l i f t  coeff ic ients ,   but ,   in  
sone instances,   these  modifications  resalted  in a s l ight   increase  in   the 
l i f t  coeff ic ient  a t  which the  instabll i t jr   occurred. 

CONCLUSIONS 

A small-scale  transonic  investigation of e senispan wing  swept  back 
45' and of a spec t   r a t io  4 with con;5inations of nose-flsp  deflections 
and wing twlst izdiceted  the  following  conclusions: 

1. The maximm l i f t -drag   ra%ios  were improved over  those or" the 
k s i c  wlsg a t  the  lovest  Mack num5ers by the  modification  consisting of 
5" nose-flap  deflectiar,  and no twist. A t  the  higher Mach ncmbers, hov- 
ever,  the 6 O  nose fh -g  las t   efZect iveness ,  and washout  had t o  be  incor- 
pcreted i n  order  to  grcvtde zny improveme35 over the lift-drag chsr- 
a c t e r i s t i c s  of the  basic vine. 
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. 2. The trends  with Mach nunber of the  lift-curve  slopes  end the 
minimum drag were not  greatly  affected by  any of the  modifications. 
The angle of a t tack   for   zero  l i f t  was only sl ight ly   affected  by  the 6 O  
nose f lap;  however,  washout i n  combination  with  the 6O nose flep increased 
the  values of  t i e  engle of at tack f o r  zero l i f t  coefficient  in  proportion 
to   t he  amount of  washout. 

3. The pitching-mornent slopes were not  greatly  affected  by any  of 
the  nodificztions;  however, the pitching-moment coeff ic ient  a t  zero lift 
coeff ic ient  f o r  the 6' nose-flep  nodlfication  without twist wzs negatrve 
and increzsed  posit ively as the washout w a s  increased. The incorpora- 
t i on  of the  various  modificztions  did  not  greatly  affect  t'ne longitu6inal 
i n s t s b i l i t y  a t  the  higher l i f t  coeff ic ients ,   but  i n  some instances  these 
modifications  resulted  in a s l ight   increase i n  the l i f t  coef f ic ien t  a t  
which the  instabi l i ty   occurred.  

Langley Aeronzutical  Laboratory, 
Bationzl  Advisory Committee for Aeronautics, 

Langley  FTeld, Va. 
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Figure 1. - Two-view drawing of t e s t  model mounted on reflection plane. 
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Pigure 2.- Pho+,ograph of t e s t  model on reflection plane. 
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Figure 3.- Spanwise var ia t ion of  twist of the test nodel. 
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Figure 6.- Aerodynamic characteristics OP the test model. 
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Figure 6. - Continued. 
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Figure 6 .  - Concluded. 
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Figure 7.- Lift-drag ratios of the best model. 
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Figure 8.- Performance ratios of the test model. 
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Figure 9.- Summary of aerodynamic characteristics of t he   t e s t  model. 
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